Deuterium nuclear magnetic resonance of deuterium-labeled diacetyldeuterohemin incorporated into sperm whale myoglobin.
The heme derivative 2,4-diacetyldeuterohemin deuterated in the methyl groups of the acetyl moieties was reconstituted with sperm whale apomyoglobin and the two labeled methyl groups in the protein environment were observed by deuterium nuclear magnetic resonance spectroscopy. The results were compared to the free hemin form as the dimethyl ester in chloroform and in a pyridine-water mixture, as well as in the zinc complex form. Under most conditions the two methyl resonances overlie each other to a large degree. Resonance width at half-height is of the order of 25 Hz for the protein and approximately one-third as much for the free hemin at 16 degrees and is little affected by conversion to paramagnetic derivatives. Chemical shifts for the oxy- and carbonmonoxymyoglobins are very similar. In cyanoferrimyoglobin a positive pseudo-contact contribution of 3.04 ppm was computed to explain a relative upfield shift offset in part by a small negative contact shift contribution. The cyanoferrimyoglobin resonance was sensitive to the presence of phosphate buffer as well as to cyclopropane. The aquoferrimyoglobin form shows distinct resonances for the two methyl groups, with the downfield resonance considerably broadened. The expected effects of temperature on chemical shift were observed, the paramagnetic derivatives showing an effect and carbonmonoxymyoglobin showing none. The relaxation behavior was gauged from the line widths and from measurements of spin-lattice relaxation time, T1. The effective rotational correlation time is of the order of 50 ps for the liganded myoglobin forms. The temperature dependence of the line widths may imply an increased retational freedom with increasing temperature. The broadening observed in the aquoferrimyoglobin case is indicative of restricted internal rotational motion of one of the methyl groups. The method is suitable for probing the more mobile structures in proteins and retains its value in the neighborhood of paramagnetic centers.